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Liquid Crystalline Phases and Emulsifying 
Properties of Block Copolymer Hydrophobic 
Aliphatic and Hydrophilic Peptidic Chains 

Bernard Gallot 1 and Hussein Haj Hassan 

Centre de Biophysique Mole'culaire, Centre National de la Recherche 
Scientifique, 1A Avenue de la Recherche Scientifique, 45071 Orleans 

Ofdex 2, France 

Amphiphllic lipopeptides with a hydrophobic paraffi- 
nic chain containing from 12 to 18 carbon atoms and 
a hydrophilic peptidic chain exhibit lyotropic meso- 
phases and good emulsifying properties. The X-ray 
diffraction study of the mesophases and of dry lipo- 
peptides showed the existence of three types of 
mesomorphic structures : lamellar, cylindrical hexa- 
gonal and body-centred cubic. Two types of polymor- 
phism were also identified : one as a function of 
the length of the peptidic chain and the other as a 
function of the water content of the mesophases. The 
emulsifying properties of the lipopeptides in nume- 
rous pairs of immiscible liquids such as water/ hy- 
drocarbons and water/base products of the cosmetic 
industry showed that small amounts of lipopeptides 
easi-ly-g±ve-three -types nof -emulsions : simple emul- 
sions, miniemulsions and microemulsions . 

Many surfactants have been used to formulate microemulsions (1). 
They were of three types : anionic surfactants such as petroleum 
sulfonates, sodium octyl benzene sulfonate, sodium dodecyl sulfate, 
alkaline soaps ; cationic surfactants such as dodecyl ammonium and 
hexadecyl ammonium chlorides or bromides ; and nonionic surfactants 
such as polyoxyethylene glycols. Furthermore, many exhibit liquid- 
crystalline properties (2) and in some cases the structure of the 
mesophases has been established (3). Nevertheless, nearly nothing is 
known about their compatibility with blood and tissues, and, from 
our own experience, some exhibit a high lytic power for red cells 
(4). 
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I„ order to obtain surfactants ab le to emulsify J-^fg 
for cosmetic industry without P^^ting new surfactants. He 

skin and tissues, it was necessary lipopeptides (5-6)- 

have chosen as new surfactants the ^P" 1 ^ 1 ^^ by a hydrophobic 

Amphiphilic "POPt P '"« f^2 P to^ 18 Carbon atoms linked 
Upidic chain C n containing from J* *° * c chain (AA) with a 
through an amide bond to a ^ o between 1 and *90. The 

numb ef average degree cf^^ L^no-acid ^due and 

rhrrenelal U ftrmu°la o^ tKiPOPeptides Cn^p is , 

H-(CH 2 ) n -NH-(CO-£H-ljl)p-H 

Mith R . s „ (except ^ sarcosine -here 5)^^ 
chain of the amino-acid. The f ol lowing a bromhydra te (K) with 

ia^*J2=^ * (ch|)2 " C0 " nh " 

(CH2> &peptides ^{S^Jrt^-^^?^ 
the lipopeptide molecules '^P^^^g and one can expect a 
In many biological molecu l " ?»* and tissues <<»> and an 

Kood compatibility with bl °l°S iC " «„„ „™ducts. The HUB of lioo- 
Iblence o? toxicity of ^^^"^^nhe degree of polymeriza- 
peptides can be easily a ««" e tnd t hf nature of the amino-acid side 
tiSn p of the pepti die d the na tur obic parafflnic 

chains B. ^\ v ^ P ^t P e P txdit chains leads to a phase separa- 
txtnVtr-l^ 

chains . 

EXPERIMENTAL METHODS 

- r „^ .r Phases ^P^tyT. SSSS theVefred 
excess of water and when total at room temperature. 
^^l.lSS.Si^i^' in "ght cells to reach 
equilibrium. 

Ssh.35 rssr.3=£ ?y ir&* <> - .... » 

tion ( 8 ) . 

- :r ~ ^ ^mulslona. The ^SJ^S*^,? £T2rtS 

id'C under agitation lor complete ho-og-neiaation throughout 

the i^sr- -ssfii-^^-- 1 - - — — 

o ...on of mniemulsions. They are prepared by two methods : 
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- In the first method, the ionic lipopeptide and cetyl alcohol 
are mixed with water for an hour at 63"C (pre-emulsification stage). 
The oil is then added at 63*C and the agitation is continued for an 
additional hour (9,10). 

- In the second method, the mixture oil/lipopeptide/cetyl alco- 
hol is homogeneized at 70 *C for several minutes ; then it is cooled 
at 50* C and water Is added, agitation is carried on until complete 
homogeneization. The system is then cooled to room temperature under 
agitation (9). 

Preparation of Mlcroemulslons . Oil, lipopeptide and water are mixed 
in the same way as in emulsion preparation ; the mixture is then 
titrated, at room temperature, with the cosurfactant until transpa- 
rency is obtained (9). 

Stability of Emulsions and Minlemulsions . The stability of emulsions 
and miniemulsione is determined by following, as a function of time, 
the variation of the emulsified volume at fixed temperatures between 
- 10 # C and ♦ 50*C. 

RESULTS AND DISCUSSION 

Liquid-Crystalline Properties 

Structure and Polymorphism of Lipopeptides . Amphiphilic lipopep- 
tides C n (AA)p exhibit mesophases in aqueous solution for water 
concentrations smaller than about 60 %. The structure of the meso- 
phases and of the dry lipopeptides obtained by evaporation of the 
mesophase water at a slow rate was determined by X-ray diffraction. 
Lipopeptides X-ray diagrams obtained are similar to those exhibited 
by classical amphiphiles (11). They have allowed us to establish the 
existence of three types of liquid-crystalline structures : lamel- 
lar, hexagonal and cubic. 

The lamellar structure consists of plane, parallel equidistant 
sheets ; each sheet of thickness d results from the superposition of 
two layers : one of thickness d^ contains the hydrophilic peptidic 
chains and the water, while the other layer of thickness <1q contains 
the hydrophobic paraffinic chains. 

The hexagonal structure consists of long and parallel cylinders 
of diameter 2Rh, filled with the hydrophobic paraffinic chains of 
the lipopeptides and assembled in a hexagonal array of parameter D, 
while the space between the cylinders is occupied by the hydrophilic 
peptidic chains and the water. 

The body-centred cubic structure consists of spheres of diame- 
ter 2Rc filled with the hydrophobic paraffinic chains of lipopep- 
tides and assembled on a body centred cubic lattice of side a, while 
the space between the spheres is occupied by the hydrophilic pepti- 
dic chains and the water. 

The lattice parameters d, D and a are directly obtained from X- 
ray patterns, while the other parameters : d^, ^b* 2R and s (average 
surface occupied by a chain at the interface between the hydrophilic 
and hydrophobic domains ) are calculated using formulae based on 
simple geometrical considerations (11,12). 

The type of structure adopted by the lipopeptides is determined 
by the ratio of the volumes of the hydrophilic domains (containing 
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32 pSLSTc^-; the K - =r[ t h e -~ -££ 

of the roesophases. When the de * re ® °/ ined b evaporation of 

structure in the °*-"*° e * lipopeptides is able to trans- 

Furthermore the addition of water to "P"'"' 1 '" ,,,,,) or a hexa- 

form the lamellar structure into a hexagonal one (12-13) or 
gonal structure into a body-centred cubic one (12). 

tration increases : tha lame ilar structure. D for 

for the lamellar structure. 2R H for the hexagonal structure and 2Rc 

for ^VhfcLra^rirtic^rrameUr of the hydrophilic domains : d, 
for ^e lame'ar structure. D-2R„ for the hexagonal structure and 
a^ for^cubic struct^ increase..^ a &fc the inte r- 

>ce increases , f or the 3 ^-^ructure^ -e case^ of 

the lameSlr and hexagonal structures of C l8 K 2 . and of the body- 
centred cubic structure of ^Sar^o respectively. 

the peptidic chains, but with a numoe studied, 

naraffinic chains equal to 1Z, m, xo, xi 2R 

xni *** g "^ — — r*oK_ and CnftEU with a constant length or tne 

JKSK f chaiKd ^fe^g ^^rdled^Tor^he^'tyPesTf 
P tion p of the Peptidic ^-^t/^ l&P in- 

ff^*^%22^^5^ Paramnic chains 
decreases (12,13). 
Emulsif ying Pro perties 

The emulsifying properties s^Z7. 

oil/water systems. The oil was su " as produc t of the 

paraffinic such as f*^™**^^' types of elisions : macro- 
cosmetic industry. Lipopeptides give 3 type- v 
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Figure 1. Variation of the parameters of the lamellar and hexa- 
gonal structures of lipopeptide Cxb^ versus water concentration. 




Figure 2. Variation of the parameters of the body-centered cubic 
structure of lipopeptide C l7 Sar 5Q versus water concentration. 
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with droplet diameters between 10 and 100 nm. we wixx su 9 
Iain results obtained with the 3 types of emulsions. 

Type of Emulsions . The emulsions vary from a ^ 
IhlcK cream, depe nding upon the nature of the oil. the ratio oil/ 
water, the nature and the concentration of tha lipopeptide.^ 
All the emulsions are of the oil in water W"i '»p« " 
by the dilution method, the selective dyes method and the conducti- 
vity method (9). Such a result is in agreement with the HLB values 
(between 8 and 15) of the lipopeptides (9). 

^.xo^ v of Emulsions . Stabilities varying from 2 months to more 
th<m S^fE^S^-in. t»e stability of the emulsion, are : 

infi d rrfor°s 

gu e tamic "^sodium sal"and lipohydroxyethylglutamine ; similar 
reSUl Figurr3°iUus e tr;tes the results obtained in the emulsification 

linosarcosine chlorhydrate (dotted linej, to , runction has 

line) and to the llposarcosine whose terminal amine runction 

^ Wh e en yl ?he d $££&'« the end group of the peptidic chain de- 
creases! the emuLifying power of the lipopeptide The 

hydroxypropylglutamine (crosses). This oenaviour 
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Figure 3- Influence of. the nature of the end group of the pepti- 
dic chains on the domain of stability of emulsions. 




Figure 4. Influence of the nature of the amino-acid side chain 
on the domain of stability of emulsions. 
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^ . fl Hd residue and to the hydro- 

liposarcoslne, lipolyslne l8 caroo n atoms. The Tio 

salt with P»~ f » ni ^ C ^ n / he C pfpfidic g chains was between 1 and 10. 

isopropyl myri-tata/vat er and of £>°£ 8 £ulsions decreases when ^ 
tee that the domain of ^ability °' acid 8odiuB1 salts similar 

increases fro. 1 to 3- p^^Lcosines, in contrast the domain 

of%n; 2 o^s 3 nature 

obtained by El Aasser and al. witn 

alcohol (10). . f 

All the minlemulsions were found to be 
t 1t . »f Min < emulsions. All tne mi 

the 0/W type. governing the 

, f tj* «<n<«mulslons_. Tfce .» ai " of the paraffinic 

Ability of the miniemulsio.^ a re : ^ s le ^ b degre e of polymerize- 

» = ffSSffSaSrsss nrsra s 
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C18.Kp.HBr 





Figure 6. Influence of the nature of the emulsified oil on the 
domain of stability of emulsions. 
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* _w i „„ f h n f the Paraf f inicChains. Lipopeptides 
Tnfluence of the Length of the ra fg - ive with 

" Paraf finic chains <=°2^^"? y rene ri"n^il! vaseline oil. 

oils very difficult to emulsify ^ than 2 months. In 

silicon oil ) ^a^rpar^ 12 

contrast, lipopeptides with »™F*™" leas than 20 days. 

liposarcosine to Upoglutamie acid a^d w lipoiy . u co . 



Table I. 



Influence of the Mature of the Lipopeptide. 



i^e ! Wheat Germ Oil 




LP % 


C lo OH % 


Stab. 


lp % cieon %> stat>. 


Ci8Sar2,HCl 
C l8 (K,HBr) 2 
C 1 8CE,Na) 2 


2 
4 
3 


1 

1.3 
1.2 


60 
12 
10 


2.5 1-5 • « 
4.5 2.0 12 
H.O 1.8 10 



LP 



lipopeptide 
Influence 



C l6 0H : cetyl alcohol ; Stab.: stability in days. 
G or the of Polymerization . The amounts _ of 

liP opeptide and-ty'/alcohol ?^^£?£5£ 
increases with the degree. '^Sour for the 
S^nSJS/IliS^? SiSffS wheat germ oil/lipogluta- 
mic acid sodium salt. 

Table II I Influence of the Degree of Polymerization of the 
Pentidic Chains. 



0/0+W =0.2 




P " 2 


P - 3 


Styrene 


C l8 (K,HBr) p 
C 16 0H 


4.5 % 
2.0 % 


7.0 * 
3.0 % 


Wheat germ oil 


Cx60H 


4.0 % 
1.5 % 


6.0 % 
2.5 % 



ence of the Mixed 3?J?*ES 

of the miniemulsions increases witn a * D ° the emulsifi- 
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Table III. Influence or the Concentration in Weight of Mixed 
Emulsifier on the Stability of Miniemulsions . 





LP 


= Cx3Sar2,HCl 




0 

= 0.2 


LP 
% 


C X 60H 


Stability in days 


o*w 


O+W 


0«-W 


Styrene 


2.0 
H.O 


1.0 
2.0 


100 
> 180 


Silicon oil 


2.5 
5.0 


1.5 
3.0 


70 
> 120 


Influence of 


the Molar Ratio Lipopeptide/Cetyl Alcohol. As 



already shown by different authors in the case of classical emulsi- 
fiers such as sodium lauryl sulfate ( 10,1*1,15) ♦ the mixed emulsifier 
system lipopeptide/cetyl alcohol gives stable miniemulsions for 
molar ratios LP/CifcOH between 2/1 and 1/3. 

Influence of the Ratio Oil/Water . The mass ratio 0/0 *W cannot 
exceed So % for aromatic oils and 50 % for cosmetic oils. The 
amounts of lipopeptide and cetyl alcohol necessary to obtain minie- 
mulsions vary only slightly with the amount of oil in the system 
oil/water. 

Influence of the Oil Nature . Aromatic oils (toluene and sty- 
rene) are easier to miniemulsify than cosmetic oils. They require 
smaller amounts of lipopeptide and cetyl alcohol to give stable 
miniemulsions. 

Influence of the Method of Emulsification . Miniemulsions pre- 
pared by the second method are more stable than those prepared with 
the preemulsification method. 

The Table IV gives 2 examples of the influence of the method of 
emulsification on the stability of miniemulsions prepared with the 
same amounts of lipopeptide (LP) and cetyl alcohol (Ci$0H). When the 
oil is styrene the stability of the minlemulsion increases from 60 
to 240 days. When the oil is vaseline oil, the stability of the 
miniemulsion increases from 20 to 70 days. 

To understand the difference of stability of the miniemulsions 
prepared by the two methods we have studied the miniemulsions by 
freeze fracture and electron microscopy (9) and measured the size of 
the particles. For all the systems studied, the dimensions of the 
particles are smaller for the miniemulsions prepared by the second 
method ; for instance in the case of styrene (Table IV) the diameter 
0 of the particles is 310 nm against 810 nro. Such a difference in 
the particle size explains the difference of stability of the mini- 
emulsions prepared by the two methods. 

We have also found by freeze fracture and electron microscopy 
that the size of the particles increases when the amount of emulsi- 
fied oil increases, and decreases when the concentration of the 
mixed emulsifier increases. As an example, for the system C^Sa^, 
HCl/cetyl alcohol/styrene/water , the average diameter 0 of the par- 
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o/o+w » 


0.2 


Method 1 


Method 2 

2 j ' _ 


Styrene 


LP 

C16OH 

Stability 

0 


2 X 
1 % 

60 days 
840 nm 


1 % 
240 days 
310 nm 


Vaseline oil 


LP 

C X6 PH 
Stability 


2.5 % 
1-5 % 
20 days 


2-5 % 
1.5 % 
70 days 



Microemulsions 

^^e^H^e^sLractants are butanoX, P~- 
PanoX^butyXa^and ^^ Mulolon rcgion i8 influenced by 

th<i ^in^Isa^e^ydrophiUcit, and HLB of tha lipopeptide 

- Dacraasa of tha paraf J^*£»£g2 c chains and group. 

- Increase in tha Parity t <* O8 £cosine%-butyla»ine/isopropyi- 

An exampXe is tha case °^™wons region incraasad from 
.nyristata/watar systam. M^^sions W8 ^ 

C l8 Sar 2 to C l8 Sario as the hy^rophillcity o of the pepti . 

ShK; ^reefed? and C fgTcSar"*X to C 12 Sar 2 .HCX as the 
paraf finic chain iength decreased. 
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